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P. Parallels Between Performance-based Engineering for Fire and Earthquake Hazards
Greg Deierlein, Department of Civil and Environmental Engineering
Stanford University, Stanford CA

Parallels Between Performance-

Based Engineering for Fire and
Earthquake Hazards

Greg Deierlein
Stanford University & PEER

Final Draft ICC Performance Code (ICC 2000).

MIST — Regearch Meeds for Fire Resistance
Detemmination and Performance Prediction
Feh. 18-20, 2002

Ohbjective: To limit the impact of a fire event on the building, its
ocoupants, processes and use; and to limit the impact of an
exposing fire on buildings, adjacent properties and processes.
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More Explicit Performance Assessment

Key Attributes of Performance Based Approaches
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* More Scientific & Transparent

» Address Stakeholder Decision Needs

— multi-level decision-oriented performance
objectives

* Consistent treatment of risk and uncertainties
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PBEE Methodology Components

non-structural

* Decision Variable
(¥ loss, dowrtime, life-safety)

PBEE — Probability Framework Equation

v(D7)= ||] ¢(Dv | D )| dG{ DM | EDP)| dG{EDF |1 )| dA(2)

COMponants —ﬂ T+ Impact Performance {Loss) Models and Simulation Hazard
% contents  |—-mm Damage Measure - i .
{rordifion assessment, 1 I — Intensity Measure
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Structure &
foundations
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B implementation Through
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Mean Annual :

Hazard Intensity Measure (IM)

IM to EDP via “Incremented Dynamic Analysis”

Current Practice: Spectral Acceleration S, (T))

USGS Hazard Curves
Iiapped Fault Locations

Libelituod of Faalt Fpre (nophme size and Iocation
Prohahilistic Mugrinyie Prediction (M)
Distance (R)to Site

Ateroation Relatizehips: Sa (T) = fx (MR, T.soil ...}

Static Analysis: 7 oc S (7])

Dynamic Analysis: scale records to 5,(T,)7
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EDP Hazard Curve (Interstory Drift)

Damage Measures

1] 00os 001 001s 00z

0025
Average of Maximum Story Drifts, ©
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Consequences

EDP I::> Physical Condition |:> Consequences
Physical Condition
— cracking spalling, rebar buckling, ...

— component failure, tipping, .

— repair measures (minor to major replacement)
— life safety issues (e.g.,chemical release, falling hazards, etc. )

— functionality {e.g., bridge alignment)
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Damage Measure of Structural Components

DM of Nonstructural Components

Fragility Functions
EDP ‘

DM

Ref. E Miranda

Fragility Functions
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Performance Assessment & Decision Making

OpenSees — Integrated Simmulation Platform

Damage to Decision Variables:
Casualty Rates (Risk of injury)
Direct § Loss (Repairs & Contentloss)

Sohedule
Schedule [ > Downtime [ vindrectfoss :

Decision Process:

Economic Modefing (e.., Benefit-Cost Analysis)

Societal — Pofitical Expectations and Constrainis

Risk Management (tisk aversion, insurance vs. mitigation, ...)

Decision Arena (single facility, muitipie facilities, large inventory) @PEEH

* Softwearefrarework,

compuiing

MWodels

Simutation maodels,
Perfornance models,

system moglels
Limit siate models :

Open-Source Community
Simuiation Framework

G. Ferwes, UCB

PBFE Methodology Components

Fire Performance Simulation

+ Decision Variable
(4 loss, downtime, life-safety)
sDamage IMeasure
(condifion assessment,
necessary repairs)

* Engrg. Demand Param.
(femperature ¥, deflecfions 7)
f.

+ Intensity Measure
(Fire Load 7 Comparfment
femperafure P Maferial
Temperature 7

Question: Who Is the methodology geared toward - fire modeler,
structural engineer, mechanical enginesr ?

Fire Scenario & Time History Analysis:

- compartment fire curve (Temp. & Time)
- spatial distribution {(spreading)
- temperature of structural members

1vRml i ConEur it Greath

Question: How to describe each scenario? How many scenarios?
How severe?
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Intensity Measure?

* Fire Load, Ignition, Growth Parameters?

— Fuel load, ventilation, compartment size, ...
* Compartment Temperature (fire curve)?
* Steel Temperature ?
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Engineering Demand Parameters?

* (lobal Deflections (sag, drift, ...)
* Local Deformations (hinge rotations, straing,...)
* Component Forces

+ “Hidden™ effects (residual stresses, loss of material integrity, ete.)

ERE Website, 2001

Structural Simulation (IM to EDP)

Damage Measures

» Material and Geometric NL Response
— member and frame stability
* Temperature Loading Input
— temporal and spatial
» Temperature Effects
— thermal expansion
— material degradation (Fy, E, other ...)

Question: How fatthfully can (must?) global analysls model localized
degradation (members, connections, composite action, ...}

» Safety - Collapse or Partial Collapse

* Repair — member distortion, out of plumb, deck
debonding, other loss in strength/stiffness

1

Nl | e ATy
SCI Investigation of Bmadgate Phase & Fire, 1991

Decision Variables

Issues and Needs

» Casualties (injury or death)
— building inhabitants
— emergency responders
* Repair Costs
— contents, nonstructural, structural
— correlations (water/smoke damage, burning, collapse)

* Downtime (repair time)

Big Issue: Risk tolerance (earthquake versus firg)

Issues: Minimum protection and benefits of higher performance Jevels

¢ Comprehensive Methodology
— consistency with other hazards (earthquake, wind, ..
— consistent with evolving code provisions (e g, stability)
* Probabilistic Fire Hazard Assessment

— or scenario (worst case) fire?

* Codification of Acceptance Criteria

— explicit Decision Variables (casualty, §, downtime rates)
— component strength checks {calibrated)
— survival duration

« Structural Simulation Tools

* Validation (lab tests and field reconnaissance)
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